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“The	best	way	to	predict	the	future	is	to	create	it.”	



Dynamic Mo+on Control
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Some	character	anima;on	here	



DEEP RL RESULTS 
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[Schulman	et	al.	2016]	[Mnih	et	al.	2015]	 [Chebotar	et	al.	2017]	



REINFORCEMENT LEARNING   
FOR LOCOMOTION CONTROL 
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In	principle:	
•  specify	rewards	
•  “train”	using	RL	algorithm	
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MOTION QUALITY 
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[Heess	et	al.	2017]	[Schulman	et	al.	2016]	



IN PRACTICE 
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•  how to specify rewards? 
•  inefficient? 
•  local minima? 
•  poor motion quality? 
•  sim2real? 
•  reproducible? 
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MOTION IMITATION 
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Imita;on	Objec;ve	 Task	Objec;ve	



STATE + ACTION 
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State:  197 D 
•  link positions 
•  link velocities 

Ac;on:		36	D	

•  PD	targets	



WALKING [DeepLoco:		SIGGRAPH	2017]	



[DeepLoco:		SIGGRAPH	2017]	





STATE + ACTION 

46	

State:  197 D 
•  link positions 
•  link velocities 

Ac;on:		36	D	

•  PD	targets	



NO REFERENCE 
MOTION 
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HUMANOID: RUN 
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HUMANOID: BACKFLIP 
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LOCAL MINIMA 
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WITH REFERENCE STATE INITIALIZATION 
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MULI-CLIP INTEGRATION 
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HUMANOID: BALANCE 
BEAM 
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HUMANOID: RUN – 
DENSE GAPS 
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CHARACTER 
RETARGETING 
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Reference	Mo;on	 Atlas	

+	



ATLAS: SPINKICK 
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ATLAS: GETUP-
FACEDOWN 
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SIMULATED LION 
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Ziva	Dynamics	



LION: RUN 
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1000+	D	
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DEEPLOCO:     HIERARCHICAL RL 
[SIGGRAPH	2017]	
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SKILLS FROM VIDEO:   
REINFORCEMENT LEARNING OF PHYSICAL SKILLS 
FROM VIDEO 

[SIGGRAPH	ASIA	2018]	





SKILLS FROM VIDEOS 
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Video	 Simula;on	



SKILLS FROM VIDEOS 
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Video	 Simula;on	







MOTION COMPLETION 



FEEDBACK CONTROL FOR CASSIE WITH 
DEEP REINFORCEMENT LEARNING 



WALK AND STUMBLE 



BACKWARDS WALK 



SIDE-STEPS 



SMOOTH STYLE 



HIGH-STEPPING 



PERTURBATION TEST 



DEEP-MIMIC FOR  
BIOMECHANICAL MODELS 

SIGGRAPH	2019		Condi;onal	Accept,		Seoul	Na;onal	University	
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MUCH TO BE DONE… 

• multi-skilled digital humans & animals 
- richer perception 
- interaction with the world 
- collaborative & interacting characters 

• behavior from video 
• motion planning 



CONCLUSIONS 

•  “the best way to predict the future is to create it” 
• physics-based human movement:      

 rapid advances,  many uses 
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Ques;ons? 


